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SYSTEMIS AND METHODS FOR SORTING 
IMAGE ACQUISITION SETTINGS FOR 
PATTERN STITCHING AND DECODING 
USING MULTIPLE CAPTURED IMAGES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of pending U.S. 
application Ser. No. 13/843,057, which was filed on Mar. 15, 
2013, which is hereby incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 

BACKGROUND OF THE TECHNOLOGY 

The present technology relates to imaging systems and 
methods for decoding images, and more specifically, to 
imaging systems and methods for determining an order for 
applying image acquisition settings during the acquisition of 
multiple images. 

Imaging systems use image acquisition devices that 
include camera sensors to deliver information on a viewed 
Subject. The system then interprets this information accord 
ing to a variety of algorithms to perform a programmed 
decision-making and/or identification function. For an 
image to be most-effectively acquired by a sensor in the 
visible, and near-visible light range, the Subject is typically 
illuminated. 

Symbology reading (also commonly termed “barcode 
Scanning) using an image sensor, entails the aiming of an 
image acquisition sensor (CMOS camera, CCD, etc.) at a 
location on an object that contains a symbol (a “barcode” for 
example), and acquiring an image of that symbol. The 
symbol contains a set of predetermined patterns that repre 
sent an ordered group of characters or shapes from which an 
attached data processor (for example a microcomputer) can 
derive useful information about the object (e.g. its serial 
number, type, model, price, etc.). Symbols/barcodes are 
available in a variety of shapes and sizes. Two of the most 
commonly employed symbol types used in marking and 
identifying objects are the so-called one-dimensional bar 
code, consisting of a line of vertical stripes of varying width 
and spacing, and the so-called two-dimensional barcode 
consisting of a two-dimensional array of dots or rectangles. 

In many imaging applications, Surface features, illumina 
tion, part movement, vibration or a multitude of other 
variations can result in individual images of a symbol that, 
on their own, can each be partially unreadable. For example, 
an imaging system can capture a plurality of images of a 
symbol on an object as the object is moving down a 
conveyor line. In this arrangement, relative movement 
between the imaging device and the object can occur, as well 
as other phenomenon detrimental to image analysis (e.g., as 
noted above). Accordingly, the symbol in one or more of the 
images can be partially unreadable. 

While the exemplary machine vision detector may acquire 
multiple images of the object/feature of interest as it passes 
through the field of view, each image is used individually to 
perform a detection and/or triggering function. 

BRIEF SUMMARY OF THE TECHNOLOGY 

The present embodiments overcome the disadvantages of 
the prior art by providing systems and methods for deter 
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2 
mining an order for applying image acquisition settings, for 
example exposure time or light settings, during the acqui 
sition of multiple images, which may be useful, in some 
embodiments, for decoding symbol data based upon infor 
mation from multiple images of the symbol. Multiple 
images can be acquired, and the images assigned a point 
value associated with an attempted decoding of the images. 
An acquisition settings table can then be sorted based at least 
partly on the assigned point values, with a Subsequent 
capture or processing of a set of images utilizing different 
image acquisition settings with an order based upon the 
Sorted order of the acquisition settings table. 

Accordingly, some embodiments comprise a method for 
decoding a symbol using images of the symbol. The method 
can include generating a synthetic model of the symbol, 
including a model of a plurality of known features of the 
symbol. A first image and a second image for a first read 
cycle can be acquired, using an imaging device, with the first 
image being acquired using first acquisition settings and 
including a first symbol data region, and the second image 
being acquired using second acquisition settings and includ 
ing a second symbol data region. The synthetic model of the 
symbol can be compared with the first and second image and 
first and second binary matrices, respectively, can be 
extracted. The first binary matrix can be at least partly 
combined with the second binary matrix and a combined 
binary matrix generated, with the combined binary matrix 
being a decodable representation of the symbol. An attempt 
to decode the symbol can be made based at least partly upon 
the combined binary matrix. First and second contributions, 
respectively, of the first and second images to the attempt to 
decode the symbol can be identified. An updated acquisi 
tion-settings order can be determined for at least the first and 
second acquisition settings, based at least partly upon the 
first and second contributions. The imaging device can be 
caused to acquire a third image for a second read cycle, 
using third acquisition settings determined based at least 
partly upon the updated acquisition-settings order. 

Other embodiments comprise another method for decod 
ing a symbol using images of the symbol, where first images 
have been acquired in a first acquisition order with an 
imaging device using an initial sequence of respective 
acquisition settings that is determined based at least partly 
upon an initial acquisition-settings order. The method can 
include processing the first images to attempt to decode the 
symbolby, at least in part, Stitching image data from two or 
more of the first images. A corresponding at least one 
contribution to the attempt to decode the symbol can be 
identified for at least one of the two or more of the first 
images that was acquired using at least one of the initial 
acquisition settings. An updated acquisition-settings order 
can be determined for the collective initial acquisition 
settings based at least partly upon the at least one contribu 
tion. Second images can be acquired with the imaging 
device using an updated sequence of second acquisition 
settings that is determined based at least partly upon the 
updated acquisition-settings order or the second images can 
be processed in a decoding attempt using a processing order 
that is determined based at least partly upon the updated 
acquisition-settings order. 

Consistent with the above, some embodiments include a 
system for decoding a symbol using images of the symbol. 
An imaging device can be configured to acquire multiple 
images, with each of the acquired images including a 
respective symbol data region. A processor operatively 
coupled to the imaging device can be configured to receive 
a first plurality of images for a first read cycle of the system. 
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The first plurality of images can be acquired by the imaging 
device in a first acquisition order using respective acquisi 
tion settings, and can include first and second images that are 
acquired, respectively, using first and second acquisition 
settings determined according to an initial acquisition-set 
tings order. The processor can be further configured to 
execute a data Stitching algorithm including generating a 
synthetic model of the symbol, including a model of a 
plurality of known features of the symbol, comparing the 
synthetic model of the symbol with at least the first and 
second images, converting a first symbol data region of the 
first image into a first binary matrix, converting a second 
symbol data region of the second image into a second binary 
matrix, at least partly combining the first binary matrix with 
the second binary matrix to generate a combined binary 
matrix that includes a decodable representation of the sym 
bol. The processor can be further configured to attempt to 
decode the symbol based at least partly upon the combined 
binary matrix and to receive a second plurality of images for 
a second read cycle of the system. The second plurality of 
images can be acquired by the imaging device in a second 
acquisition order using updated acquisition settings that are 
determined according to an updated acquisition-settings 
order. The updated acquisition-settings order can be deter 
mined based at least partly upon first and second contribu 
tions of the first and second images, respectively, to the 
attempt to decode the symbol. 

Still other embodiments include a system for decoding a 
symbol using images of the symbol. An imaging device can 
be configured to acquire multiple images, with each of the 
acquired images including a respective symbol data region. 
A processor operatively coupled to the imaging device can 
be configured to receive a first plurality of images for a first 
read cycle of the system. The first plurality of images can be 
acquired by the imaging device in a first acquisition order 
using respective acquisition settings, and can include first 
and second images that are acquired, respectively, using first 
and second acquisition settings determined according to an 
initial acquisition-settings order. The processor can be fur 
ther configured to execute a data Stitching algorithm includ 
ing generating a synthetic model of the symbol, including a 
model of a plurality of known features of the symbol, 
comparing the synthetic model of the symbol with at least 
the first and second images, converting a first symbol data 
region of the first image into a first binary matrix, converting 
a second symbol data region of the second image into a 
second binary matrix, at least partly combining the first 
binary matrix with the second binary matrix to generate a 
combined binary matrix that includes a decodable represen 
tation of the symbol. The processor can be further config 
ured to attempt to decode the symbol based at least partly 
upon the combined binary matrix and to receive a second 
plurality of images for a second read cycle of the system. 
The second plurality of images can be processed for decod 
ing in a processing order that can be determined based at 
least partly upon first and second contributions of the first 
and second images, respectively, to the attempt to decode the 
symbol. 
To the accomplishment of the foregoing and related ends, 

the technology, then, comprises the features hereinafter fully 
described. The following description and the annexed draw 
ings set forth in detail certain illustrative aspects of the 
technology. However, these aspects are indicative of but a 
few of the various ways in which the principles of the 
technology can be employed. Other aspects, advantages and 
novel features of the technology will become apparent from 
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4 
the following detailed description of the technology when 
considered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a schematic view of a typical vision system 
configuration including a fixed scanner for acquiring a 
plurality of images of an object, in accordance with the 
present embodiments; 

FIGS. 2-7 are views of various 2D matrix symbol features 
and styles; 

FIG. 8 is a view of a located promising candidate region 
and background clutter in an image; 

FIGS. 9 and 10 are a first and second image of an object 
and showing two promising candidate regions; 

FIG. 11 is an image showing a binary matrix of the first 
promising candidate in the first image of FIG. 9; 

FIG. 12 is an image showing a binary matrix of the second 
promising candidate in the first image of FIG. 9; 

FIG. 13 is an image showing a binary matrix of the first 
promising candidate in the second image of FIG. 10; 

FIG. 14 is an image showing a binary matrix of the second 
promising candidate in the second image of FIG. 10; 

FIG. 15 is an image showing an accumulated binary 
matrix that stitched the binary matrix of the first promising 
candidate in the first image of FIG. 9 and the binary matrix 
of the first promising candidate in the second image of FIG. 
10: 

FIG. 16 is an image showing an accumulated binary 
matrix that stitched the binary matrix of the second prom 
ising candidate in the first image of FIG. 9 and the binary 
matrix of the second promising candidate in the second 
image of FIG. 10; 

FIG. 17 shows a first image of a symbol; 
FIG. 18 shows a Subsequent, or second image of the same 

symbol in FIG. 17, and showing the symbol slightly moved; 
FIG. 19 shows a synthetic model usable with a correlation 

technique; 
FIG. 20 shows the symbol position for which the corre 

lation between the synthetic symbol model and the second 
image is the highest within a parameter space of scale and 
position; 

FIG. 21 shows a refined promising region in the second 
image; 

FIG. 22 shows a first image of a symbol using a bright 
field illumination with a promising candidate region enclos 
ing a damaged data region; 

FIG. 23 shows a second image of the symbol of FIG. 22 
with an unknown polarity; 

FIG. 24 shows a first DOH image using a light-on-dark 
filter; 

FIG. 25 shows a second DOH image using a dark-on-light 
filter; 

FIG. 26 shows the decodable stitched and accumulated 
binary matrices from the first image of FIG. 22 and the 
second image of FIG. 23; 

FIG. 27 is a schematic view of an image acquisition and 
point allocation operation, with an acquisition settings table; 

FIG. 28 is a schematic view of another image acquisition 
operation, with the acquisition settings table of FIG. 27 
Sorted according to one embodiment of the disclosure; 

FIG. 29 shows a table with an index of example image 
acquisition settings for a point allocation, table sorting and 
image acquisition operation; 
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FIG. 30 shows a table representing a set of read cycles for 
images captured with image acquisition settings from the 
table of FIG. 29, and point allocations for the images based 
on results of the read cycles; 

FIG. 31 shows the point allocations of FIG. 30, scaled for 
calculation of average sorting values for an acquisition 
settings table; 

FIG. 32 shows an exponential moving average of sorting 
values calculated based on the scaled point allocations of 
FIG. 31; 

FIG. 33 shows sorted orders of the averaged sorting 
values of FIG. 32: 

FIG. 34 shows the sorted orders of FIG. 32 in a first table, 
with image acquisition settings contributing to Successful 
symbol decoding presented in a second, separate table; 

FIG. 35 shows updated orders for image acquisition 
settings based on the first and second tables of FIG. 34; and 

FIG. 36 shows different sets of images used for different 
decoding attempts. 

While the technology is susceptible to various modifica 
tions and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that the description herein of specific embodiments is not 
intended to limit the technology to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within 
the spirit and scope of the technology as defined by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
TECHNOLOGY 

The various aspects of the Subject technology are now 
described with reference to the annexed drawings, wherein 
like reference numerals correspond to similar elements 
throughout the several views. It should be understood, 
however, that the drawings and detailed description hereaf 
ter relating thereto are not intended to limit the claimed 
subject matter to the particular form disclosed. Rather, the 
intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the claimed 
Subject matter. 
As used herein, the terms “component,” “system.” 

"device' and the like are intended to refer to either hard 
ware, a combination of hardware and Software, Software, or 
software in execution. The word “exemplary” is used herein 
to mean serving as an example, instance, or illustration. Any 
aspect or design described herein as “exemplary' is not 
necessarily to be construed as preferred or advantageous 
over other aspects or designs. 

Furthermore, the disclosed subject matter may be imple 
mented as a system, method, apparatus, or article of manu 
facture using standard programming and/or engineering 
techniques and/or programming to produce hardware, firm 
ware, Software, or any combination thereof to control an 
electronic based device to implement aspects detailed 
herein. 

Unless specified or limited otherwise, the terms “con 
nected,” and “coupled' and variations thereof are used 
broadly and encompass both direct and indirect mountings, 
connections, Supports, and couplings. Further, "connected 
and “coupled are not restricted to physical or mechanical 
connections or couplings. As used herein, unless expressly 
stated otherwise, “connected” means that one element/fea 
ture is directly or indirectly connected to another element/ 
feature, and not necessarily electrically or mechanically. 
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6 
Likewise, unless expressly stated otherwise, “coupled 
means that one element/feature is directly or indirectly 
coupled to another element/feature, and not necessarily 
electrically or mechanically. 
As used herein, the term “processor may include one or 

more processors and memories and/or one or more program 
mable hardware elements. As used herein, the term “pro 
cessor is intended to include any of types of processors, 
CPUs, microcontrollers, digital signal processors, or other 
devices capable of executing Software instructions. 
As used herein, the term “memory” includes a non 

Volatile medium, e.g., a magnetic media or hard disk, optical 
storage, or flash memory; a volatile medium, Such as System 
memory, e.g., random access memory (RAM) Such as 
DRAM, SRAM, EDO RAM, RAMBUS RAM, DR DRAM, 
etc.; or an installation medium, Such as Software media, e.g., 
a CD-ROM, or floppy disks, on which programs may be 
stored and/or data communications may be buffered. The 
term “memory' may also include other types of memory or 
combinations thereof. 

Embodiments of the technology are described below by 
using diagrams to illustrate either the structure or processing 
of embodiments used to implement the embodiments of the 
present technology. Using the diagrams in this manner to 
present embodiments of the technology should not be con 
Strued as limiting of its scope. The present technology 
contemplates both an electronic device configuration and 
systems and methods for Stitching and decoding images 
using data combined from multiple captured images. 
The various embodiments of a machine vision system will 

be described in connection with a fixed mount Scanner 
adapted to scan a 2D matrix symbol and capable of decoding 
a symbol based on locating regions of interest in a plurality 
of images of the symbol that include unreadable regions, and 
combining the regions of interest to create a decodable 
image of the symbol. That is because the features and 
advantages of the technology are well Suited for this pur 
pose. Still, it should be appreciated that the various aspects 
of the technology can be applied in other forms of machine 
readable symbols, imaging systems, and imaging applica 
tions, including robotic controlled scanners, handheld imag 
ing systems, and any other imaging system that may benefit 
from the ability to decode a symbol using image data 
combined from multiple captured images. 

FIG. 1 shows an illustrative machine vision system 30 
adapted to acquire one or more images 32 of an object 34 
containing a machine readable symbol 36. Conveyor 38 
transports the objects 34 and causes relative movement 
between the objects 34 and the field of view 40 of an 
imaging device 42. Exemplary machine vision systems may 
be used in a manufacturing assembly, test, measurement, 
automation, and/or control application, among others, as 
non-limiting examples. Machine vision system 30 may use 
image acquisition Software 44 operable to perform any of 
various types of image acquisitions. 

Imaging device 42 can include a processor 46 used for 
image processing and decoding, for example. The processor 
46 can be coupled to a vision sensor 48, and can either be 
part of the vision sensor 48, or it can be locally linked to the 
vision sensor 48. The processor 46 can be encoded with the 
image acquisition Software 44, or in Some embodiments, the 
image acquisition Software 44 can be run on a separate 
computing device 50 or processor. The image acquisition 
Software 44 can be configured to, among other things, 
acquire multiple images within a single reading operation, 
control illumination, acquire image data, and process/de 
code the acquired image data into usable information. 
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Imaging device 42 can also include a memory medium 52 
coupled to the vision sensor 48 and/or the processor 46. The 
memory medium 52 can be used for storing scanned or 
processed images 32 and buffering data and communica 
tions, and the like. A communication line 54 can also be 
coupled to the imaging device 42, and provide a connection 
point to an optional computer 50. The computer 50 can be 
used for uploading and downloading scanned or processed 
images 32, for example. It is to be appreciated that wireless 
communications are also contemplated. In this example, the 
imaging device 42 can be a conventional fixed mount 
scanner capable of providing high-angle and/or low-angle 
illumination, or a combination of high and low-angle illu 
mination. 
The various embodiments described herein allow com 

bining image data from multiple images 32 of the object 34 
to enable decoding symbols 36 that are otherwise not 
decodable from individual images. In particular, the various 
embodiments will be described in the context of imaging 
and decoding 2D matrix symbols. In this example, the 
symbol 36 is applied on a surface of the object 34 that is 
generally flat. Because the object 34 may be partially 
covered at times, not illuminated properly, or for any other 
reason, some portions of the symbol 36 can be rendered 
unreadable. 

Referring to FIGS. 2-7, a 2D matrix symbol 56 can consist 
of one or more data regions 58 that contain nominally square 
symbol modules 60 set out in a regular array. The data region 
58 is partially surrounded by a finder pattern 62 that is 
generally “L” shaped, and the data region 58 can be sur 
rounded on all four sides by a quiet Zone 64. A timing pattern 
66 provides a count of the number of rows and columns in 
the symbol 36. FIG. 5 illustrates an example of a dark-on 
light 2D matrix symbol 56, and FIG. 6 illustrates an example 
of a light-on-dark 2D matrix symbol 70. Alignment patterns 
72 can also be included, and are typically used with larger 
grid size symbols (see FIG. 7.) 

Machine vision system 30 may use symbol locating 
software 74 that locates 2D matrix symbols based on its 
rectangular or square shape or the unique finder pattern 62 
and timing pattern 66 to locate promising candidates. In 
Some embodiments, the image acquisition software 44 and 
the symbol locating software 74 can be combined into one 
Software application, and in other embodiments, the image 
acquisition Software 44 and the symbol locating software 74 
can be separate software applications. Either or both the 
image acquisition software 44 and the symbol locating 
software 74 can reside and execute on the computer 50 or on 
the imaging device 42. 
One embodiment of a symbol locating algorithm is 

described in U.S. Pat. No. 7,016,539, which is expressly 
incorporated herein. Other symbol locating algorithms are 
available and are contemplated for use. In use, the symbol 
locating software 74 can locate a symbol candidate by 
looking for the finder pattern 62 and/or the timing pattern 66 
of the 2D matrix symbol. When the data region 58 of a 
symbol is so damaged that the symbol is not decodable, the 
symbol locating software 74 may locate multiple promising 
candidate regions that match the finder and timing patterns 
to a certain degree. A promising candidate region can be a 
region of a symbol that is located but is not decodable due 
to the insufficient amount of usable data in the image. A 
promising candidate region can be considered promising if 
more than 65 percent, for example, of the symbol modules 
60 match expected finder pattern 62, timing pattern 66, and 
alignment pattern 72 if it is applicable. 
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8 
Referring to FIG. 8, a promising candidate region 76 can 

be found using the symbol locating algorithm 74. The 
remaining symbols 78 in the image 80, e.g., text and 
numbers, can be considered as background clutter and 
ignored by the symbol locating software 74 if it does not 
contain any or enough of the features required to be a 2D 
matrix symbol. Such as a finder pattern 62 and a timing 
pattern 66. As previously described, the image acquisition 
Software 44 can acquire multiple images, so when a data 
region 58 of a symbol is so damaged that the symbol is not 
decodable, the symbol locating software 74 can match 
multiple promising candidate regions 76 from multiple 
images. In some embodiments, different image acquisition 
parameters can be used in the multiple images. 

Referring to FIGS. 9 and 10, a first image 84 and a second 
image 86 are shown. The first image 84 taken of an object 
shows two promising candidate regions 88 and 90. The 
second image 86 is another image taken of the same object, 
and shows the same two promising candidate regions 88 and 
90, except, due to some condition, the image data available 
in the second image 86 is different than the image data 
available in the first image 84. Image data from these two 
images 84 and 86, or a plurality of images, can be combined 
to create decodable data. 
As seen in FIG.9, the symbol locating software 74 can not 

determine that the promising candidate region 88 is a false 
promising region because it contains features the symbol 
locating algorithm is looking for, Such as a finder pattern. 
This false candidate region can be an image of other 
symbologies or text or textures, for example. The symbol 
locating algorithm 74 can determine that the promising 
candidate region 90 is a 2D matrix symbol, which includes 
a promising data region 92 and a damaged region 94 on its 
right side (no symbol modules 60 appeared in the damaged 
region 94). 

FIG. 10 shows the second image 86 of the two promising 
candidate regions 88 and 90. In this second image, the 
promising candidate region 88 is again a false promising 
region because it contains features the symbol locating 
software is looking for but the data modules are not decod 
able. The symbol locating Software 74 can again determine 
that the promising candidate region 90 is a 2D matrix 
symbol, which, in the second image 86, includes a different 
promising data region 96 enclosing a damaged data region 
98 on its left side. 

In order to combine the promising candidate region 88 
from the first image 84 with the promising candidate region 
88 from the second image 86, and similarly, the promising 
candidate region 90 from the first image 84 with the prom 
ising candidate region 90 from the second image 86, in an 
attempt to create decodable data, binary matrices of the two 
promising candidate regions 88 and 90 are created and 
“stitched together using a data stitching algorithm 100. 
FIGS. 11-16 show the progression of creating and stitching 
binary matrices of promising candidate regions 88 and 90. 

FIG. 11 shows a binary matrix 102 of promising candidate 
region 88 created from the first image 84. FIG. 12 shows a 
binary matrix 104 of promising candidate region 90 also 
created from the first image. Similarly, FIG. 13 shows a 
binary matrix 106 of promising candidate region 88 created 
from the second image 86, and FIG. 14 shows a binary 
matrix 108 of promising candidate region 90 also created 
from the second image. 

FIGS. 15 and 16 show stitched binary matrices developed 
from both the first image 84 and the second image 86 for 
both promising candidate region 88 and promising candidate 
region 90. In FIG. 15, the stitched binary matrices 102 and 
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106 of promising candidate region 88 from the first image 84 
and the second image 88 remain not decodable from the 
accumulative binary matrix 107. Features such as a finder 
pattern and/or a timing pattern are not detectable by the 
symbol locating software 74. Conversely, in FIG. 16, the 
stitched binary matrices 104 and 108 of promising candidate 
region 90 from the first image 84 and the second image 86 
is decodable from the accumulative binary matrix 109. As 
can be seen, both a finder pattern 62 and a timing pattern 66 
are detectable by the symbol locating software 74. 

In some instances, when a plurality of images are acquired 
of the same symbol, the position of the symbol and/or 
promising candidate regions of the symbol, may be changed 
between images. This can be due to changes in illumination, 
or just as likely, object motion. Embodiments of the tech 
nology address changing positions of a symbol in a plurality 
of images by using a correlation (or other comparison) 
between a synthetic model of the symbol and available 
symbol data 110 in a current image of the symbol to find the 
position association, referred to herein as correspondence. 
The data Stitching algorithm 100 can assume that the change 
in position can be modeled by using known affine transfor 
mation techniques. When the symbol locating software 74 
operates on Subsequent images (not necessarily the next 
image or images) acquired on the same object 24, the 
symbol locating Software 74 or the data Stitching algorithm 
100 can establish the correspondence, e.g., association, 
between a previously obtained promising candidate 
region(s) and symbol data 110 in the current image. 

FIG. 17 shows a first image 114 and FIG. 18 shows a 
Subsequent, or second image 116 of the same symbol 112, 
where in the second image 116, the symbol 112 has moved 
(slightly down and to the left) in relation to where the 
symbol 112 was located in the first image 114. Because of 
this movement between first and second images 114 and 116, 
a correlation (or other comparison) between the images is 
developed. 

Referring to FIG. 19, according to a correlation (or other 
comparison) technique, a synthetic model 118 can be created 
using the data stitching algorithm 100. The synthetic model 
118 is a model of known features of a particular symbol, in 
this example a 2D 8x32 matrix symbol. The synthetic model 
118 can be generated by using at least one of the known 
finder pattern 62, timing pattern 66, and possibly alignment 
pattern 72. The correlation (or other comparison) can be 
done using known image analysis methods, including a gray 
level image analysis or a known filtered image analysis, for 
example. In this example, the dot filter analysis Determinant 
of Hessian (DOH) was used to produce a set of features, the 
set of features being enhanced dots 120. DOH is a popular 
known technology used to enhance dots. Methods to find the 
correspondence can be expanded to more complicated mod 
els, such as perspective models, and polynomial models 
depending on the application and speed requirements. By 
using the DOH technology, the known symbol modules 60 
should produce a higher DOH response. The set of features 
can vary for different applications. 

Referring to FIG. 20, by using the correlation (or other 
comparison) technique, the correspondence between the 
synthetic model 118 and the moved second image 116 can be 
found. The correspondence can be established by maximiz 
ing a correlation score in a parameter space including scale, 
angle and translation. The shifted set 122 of symbol modules 
66 show a higher DOH response than the modules positions 
124 estimated from the first symbol region in the first image 
114, indicated the correlation to the synthetic model 118 is 
higher. The shifted set 122 are the new module positions 
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10 
estimated from correlating the synthetic model 118 with the 
DOH response. Finally, with the correlation to the synthetic 
model 118 established, the second image 116 can be refined 
according to the correlation to produce a refined promising 
region 126, as seen in FIG. 21. With the new refined second 
image 126, the data stitching algorithm 100 can be used to 
stitch together the data matrix from the first image 114 and 
the data matrix from refined promising region 126, as 
previously described above. The confidence of each sam 
pling point, a sampling point being a symbol module 66, can 
be obtained and a corresponding accumulative binary matrix 
109 (such as shown in FIG. 16) can be updated until the 
accumulative binary matrix 109 result is able to be decoded. 

In some embodiments, the data stitching algorithm 100 
can analyze images with the same or opposite polarities. 
FIG. 22 shows a first image 128 of a symbol 130 using a 
bright field illumination with a promising candidate region 
132 and a damaged region 134 on the left side. When a 
second image 140 (see FIG. 23) is acquired and the polarity 
of the second image is unknown, the data Stitching algorithm 
100 can be used to determine the polarity of the second 
image 140 by analyzing a promising candidate region in the 
Second image. 

Referring to FIGS. 24 and 25, two DOH images are 
generated using the second image 140, a first DOH image 
136 using a light-on-dark filter (FIG. 24) and a second DOH 
image 138 using a dark-on-light filter (FIG. 25). Then, as 
previously described above, a correlation based method can 
be applied to both the first DOH image 136 and the second 
DOH image 138 to find the correspondence in both DOH 
images 136 and 138. In this example, the correlation score 
from the first DOH image 136 using the light-on-dark filter 
is higher than the correlation score from second DOH image 
138 using the dark-on-light filter. Based on the higher 
correlation score for the first DOH image 136 using the 
light-on-dark filter, the data stitching algorithm 100 deter 
mines the polarity of the analyzed second image 140 to be 
light-on-dark. 

With the polarity determined, the data stitching algorithm 
100 can proceed to stitch together the data matrix from the 
first image 128 and the data matrix from the analyzed second 
image 140, as previously described above. FIG. 26 shows an 
image 146 of the decodable stitched and accumulated (or 
otherwise at least partly combined) binary matrices 142 and 
144 from the first image 128 and the second image 140, 
respectively. 

In some machine vision systems, such as the machine 
vision system 30, different image acquisition settings. Such 
as exposure times or light settings, may be available for 
image acquisition. Generally, light settings can specify vari 
ous characteristics of lighting for a particular image acqui 
sition, including bright field and dark field settings, power 
ranges (e.g., as applied for bright field or dark field settings), 
polarity values, and so on. Various examples herein address 
light settings as example image acquisition settings for 
various read cycles. In other embodiments, other image 
acquisition settings. Such as exposure times or other settings, 
may additionally (or alternatively) be utilized. 

Depending on various factors, including environmental 
factors in the relevant workspace, obstruction or shadowing 
of images by robotic or other devices, and so on, images 
acquired using particular image acquisition (e.g., light) 
settings may sometimes contribute more readily to Success 
ful decoding attempts than images acquired using other 
image acquisition settings. It may be useful, accordingly, to 
provide a method or system for prioritizing image acquisi 
tion settings (and, accordingly, images acquired with those 
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image acquisition settings) for use in a decoding attempt or 
series of decoding attempts. In some implementations, this 
can include, for example, a method or system for sorting an 
acquisition settings table, and determining, based at least 
partly on the sorted order of the table, a prioritized order for 
image acquisition settings for a Subsequent attempt to 
decode images. For example, an imaging manager (e.g., a 
manager module in a program for imaging and analyzing 
symbols on semiconductor wafers) can be configured to 
determine a preferential order of image acquisition settings 
for image analysis, such that images can be selected for 
decoding attempts based on the place of the image acquisi 
tion settings used to acquire the images within the prefer 
ential order. 

In some implementations, image acquisition (e.g., light) 
settings can be stored within an acquisition settings table 
with a plurality of entries. In such a case, for example, each 
entry of the acquisition settings table can include at least an 
image acquisition (e.g., light) setting field, which can 
specify the particular image acquisition settings (e.g., par 
ticular light mode, image exposure, image gain, or image 
offset) associated with the corresponding entry of the acqui 
sition settings table. 

In some implementations, a particular numerical or alpha 
numerical code can be used in the image acquisition setting 
field to designate a particular light setting (or other setting) 
for the corresponding table entry. For example, light mode 
codes such as BF1, BF2 and BF3 can be used to specify 
particular bright field modes, light mode codes such as DF1, 
DF2, DF3, DF4, DF5 and DF6 can be used to specify dark 
field modes, and light power values can be specified within 
a particular numerical range (e.g., between 0.0 and 127.0). 
In some implementations, an index value (e.g., 1, 2, 3, 4, 5, 
and so on) can be used for the image acquisition setting field 
of various entries, which a particular index value corre 
sponding to a particular image acquisition setting (e.g., a 
particular light setting such as a particular bright or dark 
field mode, polarity, and power setting). In Such a case, for 
example, a separate look-up table can specify the particular 
image acquisition (e.g., light) settings that correspond to 
particular index values. 

In some implementations, a sequence of images, each 
with a particular image acquisition (e.g., light) setting, can 
be acquired by an imaging system (e.g., the machine vision 
system 30). This may be useful in a variety of circumstances, 
including during initial set-up or Subsequent training or 
calibration of an imaging system. For example, when a 
wafer identification system is being set-up for operation, it 
may be useful for the system to capture images using a 
number of different image acquisition (e.g., light) settings, 
Such that it can be determined whether particular image 
acquisition settings contribute more reliably to Successful 
decoding of acquired images. 

In some implementations, a sequence of image acquisi 
tion (e.g., light mode) settings for Subsequent image decod 
ing (i.e., an "updated order” for the image acquisition 
settings) can be specified, based upon the ordering of entries 
in an acquisition settings table. For example, for an attempt 
to decode a symbol using a set of ten images, the imaging 
manager can determine an updated order for image acqui 
sition (e.g., light mode) settings values that corresponds to 
the image acquisition (e.g., light mode) setting fields in the 
first ten entries of a sorted acquisition settings table. Ten 
images for the decoding attempt can then be selected (and, 
in some cases, acquired) Such that the images exhibit, in 
order, corresponding image acquisition (e.g., light mode) 
settings from the acquisition settings table. For example, a 
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12 
first image can be selected based on the image having been 
acquired using a first image acquisition (e.g., light mode) 
setting from the sorted order of the acquisition settings table, 
a second image can be selected based upon having been 
acquired using a second image acquisition (e.g., light mode) 
setting from the sorted order of the acquisition settings table, 
and so on. In other implementations, other orders or ways of 
designating of an image acquisition (e.g., light mode) setting 
for a particular image (or images) may also be possible. 

In some implementations, the Sorting of an acquisition 
settings table can be implemented based upon decoding (or 
other processing) attempts on already-acquired images, with 
the resulting sorted order of the acquisition settings table 
being used to specify an updated order of image acquisition 
(e.g., light) settings for Subsequent image analysis. Referring 
to FIG. 27, for example, a set 200 of images (e.g., images 
200a, 200b, 200c, 200d, and so on) can be acquired by the 
machine vision system 30. Each of the images of the set 200 
can be acquired with a particular light setting. For example, 
an imaging manager 210 can operate to access an acquisition 
table configured as a light settings table 202 and commu 
nicate a set or sequence of light settings from the table 202 
to an image acquisition system (e.g., various modules of the 
image acquisition Software 44). The image acquisition sys 
tem can then direct sequential (or other) acquisition of the 
set 200 of images using the light settings specified by the 
imaging manager 210. 

In some implementations, the set 200 of images can be 
captured for use with a particular read cycle (i.e., a particular 
set of operations for decoding a symbol at least partly 
included in the images) for the machine vision system 30. 
Accordingly, in some implementations, all of the images in 
the set 200 can be processed together, in various ways and 
combinations. In other implementations, the set 200 of 
images can be captured for use with different read cycles and 
the images can accordingly be processed separately, in 
various ways and combinations. 

Generally, the light settings table 202 may be configured 
in various ways, can include various types of data in addition 
to light settings data (e.g., other image acquisition settings 
data), and can be included in (or be accessible by) the image 
acquisition software 44 (or another program or module). As 
depicted, the light settings table 202 includes a set of entries 
202a through 202h, each including at least a light setting 
field 204 and a sorting values field 206. Generally, values in 
the light setting field 204 of various entries in the table 202 
specify particular light settings (e.g., dark/bright field, 
power, and so on) and values in the sorting values field 206 
specify a value for sorting the table 202 (e.g., based on 
ascending or descending order of the values in the sorting 
values field 206). In other implementations, other configu 
rations of the table 202 may be possible, including configu 
rations with additional fields. 

In the system depicted, the imaging manager 210 can 
operate to access the light settings table 202 in order to 
communicate light settings (or other image acquisition set 
tings) from the light settings table 202, as specified by the 
light setting field 204 (or other fields), to the image acqui 
sition Software 44 (or another aspect of the machine vision 
30, generally). In this way, the image acquisition Software 44 
(or another system) can determine particular light settings 
(or other image acquisition settings) for the acquisition, 
respectively, of the various images of the set 200. Similarly, 
images acquired with the image acquisition Software 44 may 
be tagged in various ways (e.g., with metadata associated 
with the images) to indicate the particular light settings (or 
other image acquisition settings) used to acquire the images. 
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For example, images acquired with light settings from the 
table 202 may be tagged with a value representing the 
associated entry of the light setting field 204 (e.g., an index 
value or a value otherwise representing the relevant light 
Setting). 
The imaging manager 210 can communicate the light 

settings (or other image acquisition settings) from the table 
202 sequentially, as an ordered set of light settings, or 
otherwise, Such that the imaging manager 210 can specify an 
acquisition (or other) order for the light settings (or other 
image acquisition settings), as well as the parameters of the 
light settings (or other image acquisition settings) them 
selves (e.g., power, bright or dark field, and so on), or 
otherwise associated a particular light setting (or other 
image acquisition setting) with a particular image. As 
depicted, for example, the sorting values field 206 can 
indicate a depicted sorted order for the table 202, with entry 
202a at the top of the table 202 and the entries progressing, 
in order, to entry 202h at the bottom of the table 202. 
Accordingly, based on communication with the imaging 
manager 210, the image acquisition Software 44 can deter 
mine that the first four light settings of the table 202 (i.e., as 
indicated by the values for the entries 202a through 202d of 
the light setting field 204) should be utilized, respectively, 
for acquisition of the first four images 200a through 200d of 
the set 200, or that the first four light settings of the table 202 
correspond to the light settings used for acquisition of the 
first four images 200a through 200d. 

Each of the images of the set 200 (or a subset thereof) can 
then be processed by the image acquisition Software 44, in 
an attempt to decode symbol(s) (e.g., text characters or 
two-dimensional matrix symbols such as Data Matrix sym 
bols) that are included on one or more images in the set 200. 
Various tools can be used to decode the symbol(s) of the 
images in the set 200. In some implementations, for 
example, the decoding processing can employ a tool for 
decoding a two-dimensional matrix symbol (e.g., an algo 
rithm for decoding Data Matrix symbols). In some imple 
mentations, the decoding processing can employ an optical 
character recognition (“OCR) tool (e.g., an OCR algo 
rithm) for decoding text. In some implementations, multiple 
tools may be used. For example, processing the images of 
the set 200 to attempt to decode a symbol in the images can 
include processing the images with both a two-dimensional 
matrix symbol decoding tool and an OCR tool. Various 
images (e.g., the images 200a through 200d) can be pro 
cessed for decoding sequentially, or in parallel, with a Data 
Matrix decoding tool 212 and with an OCR decoding tool 
214. In some implementations, processing for decoding can 
be implemented in parallel with active image acquisition. 

In some implementations, the processing of the images of 
the set 200 can include individual processing of a subset of 
the images in the set 200 with a particular tool (e.g., a 
particular algorithm). In some implementations, a read cycle 
for a particular tool can include processing of multiple 
images, including separate processing of multiple images, 
and collective processing of various combinations of images 
(or information contained therein or derived therefrom). For 
example, as described in greater detail above, data from 
multiple images can be stitched together for collective 
processing, Such that multiple images can contribute to 
decoding of a particular symbol. 

Various discussion herein may address examples of stitch 
ing data from multiple images. In some implementations, 
however, other analysis of multiple images may also be 
used. For example, Some images may be analyzed to decode 
symbols based upon Stitching together the images them 
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selves. It will be understood that, unless otherwise limited or 
specified, the discussion herein of prioritizing particular 
image acquisition settings may be applied in a variety of 
operations, including sets of image capture and symbol 
decoding operations that employ Stitching of images them 
selves, rather than (or in addition to) Stitching of data from 
images. 

Following the execution of a particular read cycle (e.g., 
processing to attempt to decode a symbol on one or more 
images of the set 200), point values can be assigned to 
particular images (and thereby associated with the image 
acquisition setting used to capture those images) based upon 
the processing of the images in the read cycle. Generally, 
Such point values can be assigned from a predefined number 
of total points, with all of the number of total points being 
assigned among a particular set of images. For example, 
where 1000 total points are available for assignment, all of 
the 1000 points can be assigned among a set of images, with 
different images of the set receiving different assignments of 
numbers based upon the contribution of the particular image 
to the decoding operation. 

In Some implementations, points may be assigned to 
images that have been used by a particular tool to Success 
fully decode a symbol during a read cycle. For example, if 
the OCR tool 214 successfully decodes a symbol during a 
read cycle that includes analysis of each of the set 200 of 
images (or a Subset thereof), a predefined number of total 
points (e.g., 1000 points) can be assigned among the images 
of the set 200 (or subset thereof), such that all of the 
predefined total points are assigned to the entire set 200 of 
images (or Subset thereof). Points may be assigned by the 
imaging manager 210, in some implementations, or by other 
Software, modules, hardware, and so on. 
Where only a single image is utilized for a Successful read 

cycle or decoding attempt (e.g., when a “singleton results 
in a successful decode), all of the predefined number of total 
points can be assigned to the single image. Where multiple 
images are utilized for a Successful read cycle, point values 
can be assigned among the multiple images in various ways, 
including in relative proportion to the contribution of par 
ticular images to the Successful decode. In some implemen 
tations, for example, one decoding attempt for the set 200 of 
images can include Stitching together data from the images 
200a, 200b, and 200c for collective processing to decode a 
common symbol. If the image 200a is used as a primary 
image for the decoding processing and the images 200b and 
200c are used as secondary images for the decoding pro 
cessing, half of the available points (e.g., 500 points) can be 
assigned to the image 200a and the remaining points divided 
between the images 200b and 200c (e.g., with 250 points 
being assigned to each). Generally, point values may be 
assigned among multiple images based on various factors, 
such as how much of the symbol content of the respective 
images can be reliably identified by the read cycle analysis. 

In some implementations, certain images processed as 
part of a read cycle may not contribute to a successful 
decoding of a symbol. For example, still referring to FIG. 
27, another decoding attempt for the set 200 of images can 
include the stitching together of data from the images 200a, 
200b, 200c, and 200d, in various combinations, for decoding 
processing. If the image 200a is used as a primary image for 
the decoding processing, the images 200b and 200c are used 
as secondary images for the decoding processing, and the 
image 200d does not contribute to the success of the 
decoding processing, half of the available points (e.g., 500 
points) can be assigned to the image 200a, the remaining 
points can be divided between the images 200b and 200c 
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(e.g., with 250 points being assigned to each), and minimal 
impact (e.g., Zero) points can be assigned to the image 200d. 
Similarly, if none of the images 200a through 200d contrib 
ute to Success of the decoding processing (e.g., if the read 
cycle does not successfully decode a symbol for any data 
stitching combination of the images 200a through 200d), 
minimal impact (e.g., Zero) points can be assigned to each of 
the images 200a through 200d. 
Where multiple tools contribute to a successful decoding 

of a symbol during a Successful read cycle, the predefined 
number of total points can be reduced in proportion to the 
number of tools. In some implementations, for example, two 
tools can be used for a particular read cycle. Accordingly, the 
points available for assignment to images processed by 
either tool can be reduced by half such that the number of 
total points can be distributed between both of the tools. For 
example, if the OCR tool 214 successfully decodes a symbol 
in a particular read cycle by Stitching data from the images 
200a through 200c and the Data Matrix tool 212 success 
fully decodes the symbol by Stitching data from the images 
200c and 200d, the total number of points available for 
assignment to the images for each of the tools can be 
reduced by half from the total number of points that would 
be available if only one of the tools had successfully 
decoded the symbol. As such, for example, half of the total 
points (e.g., 500 points) may be available for assignment to 
the images 200a through 200c, based on the results of the 
decoding with the OCR tool 214, and half of the total points 
(e.g., 500 points) may be available for assignment to the 
images 200c and 200d, based on the results of the decoding 
with the Data Matrix tool 212. 

In some implementations using multiple tools, points may 
not be assigned to particular images unless a Successful 
decode attempt has been made for at least two of the tools. 
For example, where the system 30 is configured to imple 
ment an OCR and Data Matrix decoding, point values may 
Sometimes be assigned to images only if both of the tools 
decode a symbol Successfully. In Such a configuration, for 
example, if an OCR tool successfully decodes a symbol 
during a read cycle, but a Data Matrix tool does not, no 
points may be assigned to any of the processed images. In 
other implementations using multiple tools, points can be 
assigned for tools that have successfully decoded a symbol 
but not for tools that do not successfully decode a symbol. 
Once points have been assigned based on the decoding 

attempts, the table 202 can then be updated (e.g., by the 
imaging manager 210). In some implementations, in order to 
prioritize the use of light settings (or other image acquisition 
settings) that previously contributed to Successful decoding 
attempts (e.g., during Successful read cycles), the Sorted 
order of the table 202 can be updated based on past decoding 
results. This may be accomplished in a variety of ways. 

In some implementations, for example, an average such as 
an exponential moving average (EMA) can be calculated 
(e.g., by the imaging manager 210) for various entries of the 
sorting values field 206 and the points that were assigned to 
corresponding images, following a successful read cycle. 
For example, where the points assigned to the various 
images are appropriately scaled to correspond to values of 
the sorting values field 206 for entries of the table 202, the 
assigned points can be considered as new data for the sorting 
values field 206 such that an EMA may be readily calcu 
lated. More specifically, the points assigned to a particular 
image can be treated as new data for the Sorting values field 
206 at an entry of the table 202 that corresponds to the light 
setting used to capture that image. An EMA may then be 
calculated for the assigned points and the corresponding 
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entries of the sorting values field 206 of the table 202, and 
the sorting values field 206 can updated with the resulting 
EMA values. 

Still referring to FIG. 27, for example, when the light 
setting indicated by the light setting field 204 for the entry 
202a of the table 202 is used to acquire the image 200a, the 
points assigned to the image 200a after processing of the 
image 200a for a decoding attempt can be associated with 
the sorting values field 206 for the entry 202a. When an 
EMA (or other average) is calculated, the point value for the 
image 200a can accordingly be treated as new data for the 
sorting values field 206 for the entry 202a, such that an EMA 
for the field 206 can be calculated in conventional ways. For 
example, an EMA for a particular sorting values field may 
be calculated as: 

EMA=(PC)+(SVF (1-C)), (1) 

where SVF represents the current value of a relevant entry 
of the sorting values field 206, P represents the correspond 
ing assigned points, and a represents a Smoothing factor, 
which can be calculated, for example, based upon a particu 
lar number of images for a relevant cycle. 

Similar calculation of EMAs (or other averages) can also 
be executed for other entries of the sorting values field 206 
(e.g., each other entry, or each entry for which a point value 
has been assigned to a corresponding image). In this way, for 
example, light settings (or other image acquisition settings) 
that are used to acquire images that contribute to a successful 
read cycle can be provided with an increased value in the 
associated entry of the sorting values field 206. Similarly, 
light settings (or other image acquisition settings) that are 
used to acquire images that do not contribute to a successful 
read cycle can be provided with a decreased value in the 
associated entry of the sorting values field 206. 
Once EMAs (or other averages) have been calculated for 

appropriate entries of the sorting values field 206, using the 
corresponding assigned points as new data for the EMAS, 
the entries of the sorting values field 206 can be updated 
with the new EMA values. In some implementations, the 
table 202 can then be sorted at least partly based on the EMA 
values (i.e., based on the current values of the Sorting values 
field 206). Updating of the sorting values field 206 and 
sorting of the table 202 can be accomplished by the imaging 
manager 210, or by other Software, modules, hardware, and 
SO. O. 

In some implementations, the table 202 can be sorted (i.e., 
can be updated to a new sorted order) based on the values of 
the sorting values field 206, such that light settings (or other 
image acquisition settings) that contribute to Successful 
decoding can be advanced in the sorted order and light 
settings (or other image acquisition settings) that do not 
contribute to Successful decoding can be moved downward 
in the Sorted order. In this way, for example, when images 
are selected (or acquired) for Subsequent decode attempts, 
images acquired with particular image acquisition (e.g., 
light) settings that have previously contributed to Successful 
decoding attempts can be prioritized over images acquired 
with image acquisition (e.g., light) settings that may have 
been less Successful. 

Referring also to FIG. 28, for example, if the images 200c 
and 200d (see FIG. 27) contribute to successful decoding 
and the images 200a and 200b (see FIG. 27) do not, the 
images 200c and 200d can be assigned more points than the 
images 200a and 200b. Therefore, after the calculation of 
EMAS and updating of the sorting values field 206, a 
re-sorting of the table 202 to a new sorted order, based on the 
sorting values field 206, can place the light settings for the 
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images 200c and 200d (i.e., as reflected in the light setting 
field 204 for the entries 202c and 202d) ahead of the light 
settings for the images 200a and 200b (i.e., as reflected in the 
light setting field 204 for the entries 202a and 202b). 
Accordingly, the light settings for the images 200c and 200d 5 
can be prioritized over the light settings for the images 200a 
and 200b in a Subsequent image decoding attempts (of the 
same or a different symbol) or other operations. It will be 
understood, however, that this particular sorted order (i.e., 
with light settings for the images 200c and 200d ahead of the 
light settings for the images 200a and 200b) may not 
necessarily be obtained, depending on the results of the 
various EMA calculations and various other factors. 

In other implementations, other sorting algorithms or 
procedures may be used. Further, it will be understood that 
sorting of the table 202 can include virtual sorting of the 
table 202 via reference to the various entries of the sorting 
values field 206, rather than a physical rewriting of the table 
entries to different memory locations, or a combination of 20 
virtual sorting and physical rewriting of table entries. 
Once a sorted order of the table 202 has been updated 

(e.g., once the table 202 has been sorted based on the EMA 
calculations described above), a new decoding attempt can 
be made, with light settings (or other image acquisition 25 
settings) for images used in the new decoding attempt being 
prioritized based on the updated sorted order of the table 
202. As described above, for example, the imaging manager 
210 can access the light settings table 202 in order to 
communicate light settings from the light settings table 202, 30 
as specified by the light setting field 204, to the image 
acquisition software 44 for processing of another set of 
images 220. However, in contrast to the sorted order of light 
settings for the set 200 of images (see FIG. 27), the updated 
sorted order of the table 202 now indicates that the light 35 
settings (or other image acquisition settings) for the table 
entry 202d should be used first, followed by the light settings 
(or other image acquisition settings) for the table entry 202c, 
then the light settings (or other image acquisition settings) 
for the table entries 202a and 202b. As such, the image 40 
acquisition Software 44 may first attempt to decode an image 
220a of the set 220 that has light settings corresponding to 
the table entry 202d, may next attempt to decode an image 
220b of the set 220 that has light settings corresponding to 
the table entry 202c, and so on. Once these new decode 45 
attempts are completed, points may be assigned to the 
images in the set 220 (e.g., as described above), a new EMA 
can be calculated for the sorting values field 206, and a new 
sorted order for the table 202 determined accordingly. 

Generally, table entries for the table 202 that have a 50 
favored (e.g., higher) EMA value, as reflected in the values 
of the sorting values field 206, can be prioritized over (i.e., 
placed ahead of in the sorted order or acquisition order) 
entries for the table 202 that have a less favored (e.g., lower) 
EMA value. In some implementations, however, other rules 55 
may additionally (or alternatively) be used. 

In some implementations, if a user provides an image 
acquisition setting, such as a light setting, or related value, 
the image acquisition (e.g., light) setting (or related value) 
provided by the user can be prioritized over other image 60 
acquisition (e.g., light) settings in the table 202, potentially 
without regard for the sorted order of the table 202. For 
example, if a user specifies a particular bright or dark field 
setting, power setting, or other light setting parameter, 
decoding attempts can first address images with the light 65 
setting (or settings) specified by the user before other images 
with other light settings from the table 202, even if the other 
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light settings exhibit a more favored (e.g., larger) value for 
the sorting values field 206 than the light setting specified by 
the user. 

In some implementations, an image acquisition setting 
(e.g., light setting) for an image that contributed to a 
Successful decoding result in a previous (e.g., immediately 
preceding) read cycle can be prioritized in a Subsequent 
decoding attempt (for the same or a different symbol). For 
example, referring again to FIG. 27, if the image 200b 
contributes to a successful decoding attempt, the light set 
ting for the image 200b can be used, for a subsequent 
decoding attempt, to select an image from the set 220 with 
the same light setting as the image 200b, before selecting 
other images of the set 220 with light settings that did not 
contribute to a successful decoding (at least in a most recent 
decoding attempt). This prioritization can be implemented 
even if the latter light settings correspond to more favored 
(e.g., larger) values for the sorting values field 206 than the 
light setting for the image 200b. Similarly, if multiple 
images of the set 200 (e.g., the images 200a, 200c and 200d) 
contribute to a successful decoding attempt, the light set 
tings for the images 200a, 200c and 200d can be used, for 
a Subsequent decoding attempt, to select images from the set 
220 with the same light settings as the images 200a, 200c 
and 200d, before selecting other images of the set 220 with 
light settings that did not contribute to a successful decod 
ing. Again, this prioritization can be implemented even if the 
latter light settings correspond to more favored (e.g., larger) 
values for the sorting values field 206 than the light settings 
for the images 200a, 200c, and 200d. 

In some implementations, further sorting can be imple 
mented within (or otherwise in addition to) the prioritization 
discussed above. For example, the light settings for a set of 
Successfully decoded images (e.g., the images 200a, 200c 
and 200d) can be prioritized, with respect to each other, 
based on EMA values corresponding to those images, even 
as the light settings of the entire set of images (e.g., the 
images 200a, 200c, and 200d) are prioritized above the light 
settings for images that did not contribute to a successful 
decode. 

In some implementations, image acquisition (e.g., light) 
settings for a particular tool (e.g., a two-dimensional matrix 
tool) can be prioritized over image acquisition (e.g., light) 
settings for a different tool (e.g., an OCR tool). Prioritizing 
image acquisition settings for Successful decoding attempts 
based upon the use of a particular tool may be useful in a 
variety of ways. For example, one goal of image recognition 
analysis may be to achieve a relatively high read rate and 
yield of Successfully decoded symbols. Accordingly, for 
example, the imaging manager 210 (or other software, 
modules, hardware, and so on) may operate to decrease the 
average read time per imaged product (e.g., per semicon 
ductor wafer) by specifying light settings that may require 
processing of a relatively small number of images per 
product. Because Data Matrix and other similar tools may 
often be required to process a relatively large number of 
images to achieve a Successful decode, it may therefore be 
useful to prioritize image acquisition (e.g., light) settings for 
these tools before doing so for other tools. In this way, for 
example, time-outs of these tools for lack of decodable 
images may be avoided. 

Accordingly, in some implementations, referring again to 
FIG. 27, light settings for successful decodes using the Data 
Matrix tool 212 can be prioritized over light settings for 
successful decodes using the OCR tool 214. For example, if 
the images 200a, 200b and 200c contribute to a successful 
decode attempt with the Data Matrix tool 212 and the image 
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200d contributes to a successful decode attempt with the 
OCR tool 214, the light settings 200a, 200b, and 200c may 
be moved higher in the sorted order of the table 202 (i.e., 
may be prioritized) for Subsequent selection of images from 
the set 220 for decoding, even if the light setting for the 5 
image 200d corresponds to a more favored (e.g., larger) 
value for the sorting values field 206 than the light settings 
for the images 200a, 200c, and 200d. 
The various tools, modules, algorithms, and so on dis 

cussed above may be implemented in various ways using 10 
various different types of computing devices and systems. In 
Some implementations, for example, the imaging manager 
210 can be combined into one software application with the 
image acquisition Software 44 and/or the symbol locating 
Software 74. In other implementations, the imaging manager 15 
210 can be a separate software application from the image 
acquisition Software 44 and/or the symbol locating Software 
74. In different implementations, the imaging manager 210 
can reside and execute on the computer 50 or on another 
device (e.g., the imaging device 42). 2O 

Referring now to FIGS. 29 through 35, example data for 
a point assignment, table sorting and image decoding opera 
tion are presented. Certain tables and values of FIGS. 29 
through 35 may reflect intermediary results of various 
calculations or processing or may be presented simply to 25 
clarify the nature of other tables and values. Accordingly, it 
will be understood that certain tables and values of the FIGS. 
29 through 35 may not necessarily be stored (or stored for 
substantial amounts of time) or even actually utilized by the 
system 30. Further, as also noted above, the prioritization 30 
and sorting techniques described herein may be used with a 
variety of image acquisition settings. Accordingly, although 
light settings are presented as specific examples in the 
discussion below, it will be understood that similar prin 
ciples may be applied to other types of image acquisition 35 
Settings. 

Referring in particular to FIG. 29, an example index for 
various light settings is provided. As depicted, eighteen 
different light settings 300, designated by bright field 
(“BF'), dark field (“DF) and power codes (“P”), with 40 
associated numerical values, are matched to an index 302 of 
eighteen integers. As noted above, a light settings table (e.g., 
the table 202) including the light settings of FIG. 29 can 
include (e.g., in the light setting field 204) the codes of the 
light settings 300 themselves, or can include other values 45 
indicative of the light settings 300, such as values from the 
index 302. 

In an example operation, images may be acquired using 
various of the light settings 300. A set of nine read cycles 
may be attempted for the acquired images (e.g., after or in 50 
parallel with the image acquisition), with each read cycle 
including an attempt to decode a symbol of an acquired 
image using both a two-dimensional matrix decoding tool 
and an OCR tool. A set of example results for such an 
operation are presented in FIG. 30. As indicated by the read 55 
cycle column 304 of the table of FIG. 30, each of the read 
cycles, which are designated as read cycles 1 through 9. 
includes an attempt to decode a symbol from a number of 
images, using a particular two-dimensional matrix decoding 
tool (designated in a tool column 306 of FIG. 30 as “2-D) 60 
and a particular OCR tool. In some implementations, the 
2-D and OCR tools may operate in series. In some imple 
mentations, the 2-D and OCR tools may operate in parallel. 

Each image that contributes to a successful decoding 
result in a particular read cycle is designated in an index 65 
column 308 of FIG. 30 by an index value from the light 
setting index 302 (see FIG. 29) that corresponds to the light 
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setting used to acquire the relevant image. For example, in 
the first read cycle (i.e., “read cycle 1), the 2-D tool is used 
to Successfully decode a symbol using two images acquired 
with light settings BF3 P02 and DF1 P20 (as correspond to 
the values 11 and 4 of the index 302). Similarly, in the first 
read cycle, the OCR tool is used to successfully decode a 
symbol using three images acquired with light settings BF3 
P01, DF3 P20, and BF2 P02 (as correspond to the values 3, 
6, and 9 of the index 302). For each of the other read cycles, 
except read cycles 6 and 7, other (or the same) values from 
the index 302 similarly indicate other (or the same) light 
settings of images that have been used to successfully 
decode a symbol in the particular read cycle. For read cycle 
6, both tools fail to decode a symbol using any images, so 
no value is provided from the light setting index 302. For 
read cycle 7, the OCR tool successfully decodes a symbol 
with a singleton image with light setting DF3 P20 (corre 
sponding to the value 5 of the index 302), but the 2-D tool 
did not successfully decode a symbol with any images. 

In some implementations, data from the images processed 
for a particular read cycle can be stitched together, as 
described above, such that the decoding attempt simultane 
ously addresses data from multiple images. For example, 
with respect to the first read cycle, the 2-D tool may have 
Successfully decoded a symbol based on an accumulated (or 
otherwise at least partly combined) matrix drawn from the 
two images indicated (i.e., images captured with light set 
tings corresponding to the index values 11 and 4, in the light 
setting index 302 (see FIG. 29)), and the OCR tool may have 
Successfully decoded a symbol based on the three images 
indicated (i.e., images captured with light settings corre 
sponding to the index values 3, 6, and 9, in the index 302). 
Similar use of Stitching can also be employed for one or 
more of the other read cycles, although the depicted read 
cycle 7, as noted above, includes a successful decode with 
a singleton. 

It will be understood that the images represented by the 
values of the index 302 in the table of FIG. 30 may not 
necessarily represent all of the images captured during a 
particular acquisition operation, or even all of the images for 
which a decode attempt was made for a particular read cycle, 
including for singleton decodes and decoding attempts using 
stitching operations. Rather, as depicted, the table of FIG. 30 
represents only those images that actually contributed to a 
Successful decoding attempt for a particular read cycle. As 
noted above, it may be useful, in various implementations, 
to assign points only to such contributing images. 

After a successful decoding attempt has been completed 
for a particular read cycle, a point value can be assigned 
(e.g., by the imaging manager 210) to each of the images that 
contributed to the Successful decoding. As noted above, the 
magnitude of these point values can generally correspond to 
the relative contribution of the various images to the various 
successful decodes. In FIG. 30, the assigned point values are 
represented in a point value column 316. In the first read 
cycle of FIG. 30, for example, the image captured with light 
setting BF3 P02 (corresponding to the value 11 of the index 
302) contributed more significantly to the 2-D decoding than 
the image captured with light setting DF1 P20 (correspond 
ing to the value 4 of the index 302). Accordingly, the BF3 
P02 image (index value 11) has been assigned 750 points 
(out of 1000) and the DF1 P20 (index value 4) has been 
assigned 250 points. 

In contrast, each of the images listed for the Successful 
OCR decoding in the first read cycle contributed approxi 
mately equally to the Successful decoding, so each image has 
been assigned 333 points, with one image receiving a 
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rounded-up value of 334 points to ensure that the full 1000 
point total has been assigned for that tool and read cycle. In 
other read cycles, as can be seen in FIG. 30, other (or the 
same) point values have been assigned based on different (or 
similar) contributions of various images (and, correspond 
ingly, various light settings) to a Successful decoding. It can 
be seen that Zero points have been assigned for read cycle 6. 
because no Successful decoding was achieved. Similarly, 
Zero points have been assigned for the 2-D tool of read cycle 
7, because no Successful decoding using that tool was 
achieved. In some implementations, a non-Zero minimal 
impact point value (e.g., a negative number of maximal 
magnitude, or a minimum positive value on a scoring scale) 
can be assigned instead. 
As noted above, during operations including those in 

which a successful decoding by both the OCR and 2-D tools 
is required, minimal impact (e.g., Zero) points may be 
assigned to read cycles in which only one of the tools is 
Successful. In Such a case, for example, in the seventh read 
cycle of FIG. 30, no points may be assigned to the index 
value 5, because the 2-D tool did not successfully decode a 
symbol. 
As depicted in FIG. 30, a number of total points equal to 

1000 has been assigned for each tool for each successful 
read cycle. In other implementations, other numbers of total 
points can be used. For example, some implementations may 
assign a total number of points equal to 1, with various 
images of a set used for a particular read cycle being 
assigned fractions of a point Such that the entire set of 
images is assigned 1 point in total. 
As also discussed above, the points assigned to various 

images can be used to update a sorting values field of an 
acquisition (e.g., light) settings table. In certain implemen 
tations, however, points assigned to various images may first 
need to be scaled appropriately. As depicted in FIG. 31, for 
example, the total points assigned for decoding operations 
with both of the two tools (see FIG. 30) for each read cycle 
have been scaled Such that the total points for a given read 
cycle sum to 1000. For example, with respect to the first read 
cycle, it can be seen from FIG. 30 that the total points 
assigned for both the 2-D and OCR tools sum to 2000. 
Accordingly, these assigned point values have been halved 
(and rounded, as appropriate) for the first read cycle column 
(i.e., column 310) of FIG. 31. Likewise, point values 
assigned for other read cycles have been scaled as appro 
priate to ensure uniform total point values for each read 
cycle. It will be noted that the point values assigned for the 
seventh read cycle (i.e., as reflected in column 314) have not 
been scaled because only the OCR tool successfully decoded 
a symbol during that read cycle. 

After completion of a particular read cycle (or a relevant 
portion thereof), an EMA can be calculated for each point 
value entry (e.g., each point value entry along column 310) 
using the point values assigned to each particular image (and 
corresponding light setting) during the particular read cycle, 
and an EMA value for a previous read cycle (or another 
initial point value, as discussed below). The results of the 
EMA calculation can then be used for entries to a corre 
sponding Sorting values field of an acquisition (e.g., light) 
settings table (e.g., the sorting values field 206 of the table 
202 in FIGS. 27 and 28). In this way, for example, the value 
of the Sorting values field for a particular image (e.g., light) 
acquisition setting (e.g., for a particular entry in the index 
302 or in the light setting field 204) can be updated to reflect 
historical decoding results. Accordingly, when an acquisi 
tion (e.g., light) settings table is sorted based on the sorting 
values field, the sorted order of the table can result in 
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prioritization, for Subsequent image processing, of image 
acquisition (e.g., light) settings that have been historically 
useful. 

Referring also to FIG. 32, the successive columns of the 
depicted table represent the result of successive EMA cal 
culations, based upon the read cycle results and point 
assignments represented in FIGS. 30 and 31. As also noted 
above, in some implementations, the total number of point 
values (e.g., 1000, in the example depicted) may have been 
initially assigned relatively equally between all (or a Subset) 
of available light settings, in order to provide an initial basis 
for calculating an EMA (or other average). As can be seen 
in column 312 of FIG. 32, for example, the 1000 total points 
for a given read cycle has been initially distributed relatively 
equally across the entire index 302. In other implementa 
tions, other initial assignments of points may be used. For 
example, a user may provide a custom initial point assign 
ment that may replace the relatively uniform point assign 
ment of column 312. This may be useful, for example, in 
order to initially prioritize particular light settings over 
others. 

Starting from an initial assignment of points (e.g., as 
represented in column 312), or another set of point values 
(e.g., from previous EMA calculations), the values of the 
sorting values field can then be updated based upon preced 
ing read cycle results. It can be seen from column 318, for 
example, that after the first read cycle the relatively uniform 
sorting values field values at initiation (i.e., as represented in 
column 312) have been updated to reflect the successful 
decode attempts, during the first read cycle, with images 
having light settings corresponding to index values 3, 4, 6, 
9, and 11 (see FIG. 30). Likewise, as can be seen from 
column 320, after the second read cycle, the sorting values 
fields after the first read cycle (see column 318) have been 
updated to reflect the light settings of the images used for 
Successful decoding during the second read cycle. 

In the example depicted in FIG. 32, an EMA smoothing 
constant of 0.0392 157 has been used, as calculated by 
assuming a period value of 50 entries. In various implemen 
tations, assuming Such a period value may be useful because 
analysis cycles for semiconductor wafers may typically 
include acquisition of images for analysis of sets of 50 
wafers. In other implementations, other period values (and 
other Smoothing constants) may be used, as appropriate. 

After a particular read cycle, an acquisition settings table 
(e.g., the light settings table 202) may be sorted based on the 
updated EMA values from the read cycle (and previous 
processing). For example, the various read cycle columns of 
FIG. 32 (e.g., columns 318 and 320, and so on) can represent 
stored entries for a light settings table (e.g., the light settings 
table 202) following each respective read cycle. 

Based upon the EMA values depicted in FIG. 32 (or other 
similar values), an acquisition settings table (e.g., the light 
settings table 202) can be sorted such that historically 
Successful image acquisition (e.g., light) settings may be 
prioritized in Subsequent processing of images to decode 
symbols. As depicted in FIG. 33, for example, the light 
setting index values from the index 302 (see, e.g., FIG. 32) 
have been sorted based on the assigned, scaled, and aver 
aged point values reflected in the read cycle columns of FIG. 
32. For example, as depicted in FIG. 32, after the first read 
cycle the light settings index 11 of index 302 corresponds to 
the highest EMA value of column 318, followed sequen 
tially by light settings indices 3, 6, and 9, and light setting 
index 4. Accordingly, in the sorted column 318a of FIG. 33. 
these light settings indices have been moved to the top of the 
sorted order. As a result, when this sorted order is stored (or 
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otherwise reflected) in an acquisition (e.g., light) settings 
table that is accessed to determine appropriate image acqui 
sition (e.g., light) settings of images for a Subsequent decod 
ing attempt (for the same or a different symbol), the image 
acquisition (e.g., light) settings corresponding to the light 
setting indices 11, 3, 6, 9 and 4 can be prioritized. 
As depicted, the various columns (e.g., columns 318a and 

320a) have been sorted such that the higher-scoring light 
settings are prioritized (i.e., moved up in the sorted order) 
and lower-scoring light settings are given a lower priority 
(i.e., moved down in the sorted order). In other implemen 
tations, other sorting algorithms may be used, including as 
applied to other types of image acquisition settings. 

In some implementations, the sorted order of the light 
setting index 302 (e.g., as reflected in the columns 318a and 
320a) may dictate the order in which images are subse 
quently analyzed to decode a symbol. As can be seen in FIG. 
33, however, the light settings that actually resulted in a 
Successful decoding for certain read cycles, as indicated by 
shaded cells, may not be highly prioritized by value-based 
sorting alone. For example, although light settings 8, 13, and 
14 contributed to a successful decode in read cycle 8, these 
light settings are relatively far down the sorted order in 
Sorted column 322. Accordingly, it may sometimes be useful 
to adjust the sorted order (e.g., as based on updated EMA 
values) such that light settings that actually contribute to a 
Successful decode (e.g., in an immediately preceding decod 
ing attempt) are moved to a block of entries at the top of the 
sorted order. 

Examples of such blocks of entries for each read cycle are 
presented in a table 324 in FIG. 34. For example, in column 
326a of the table 324, a block 328 for read cycle 8 can 
include images with light settings 8, 13, and 14 because 
these images actually contributed to a Successful decoding 
attempt in the read cycle 8 (see column 322 in FIG. 33). The 
remaining light setting index values (i.e., those not included 
in a block in the table 324) are presented in a table 330 of 
FIG. 34, sorted according to the EMA values presented in 
FIG. 32. It will be noted that the table 330, for a given read 
cycle, does not include the light setting index values that are 
included, for that read cycle, in the table 324. For example, 
column 326b of the table 330, representing a sorted set of 
index values for read cycle 8 does not include the index 
values 8, 13, and 14, because these values are included in the 
block 328 of the table 324. 

In order to guide selection of images for Subsequent 
processing, the tables 324 and 330 may be combined, with 
various blocks (e.g., the block 328) of the table 324 being 
maintained ahead of the index values of the corresponding 
column of the table 330 in the resulting sorted order. 
Additionally, the sorted index values can be shifted forward 
by one read cycle (or more), such that the sorted index 
values can be viewed as prescriptive values for a Subsequent 
read cycle as well as indicative values for the read cycle 
from which they were calculated. In this way, for example, 
sorted index values derived from an earlier read cycle may 
be used to prioritize certain image acquisition settings for a 
later read cycle. 

Referring also to FIG. 35, a light setting index table 334 
represents one example combination of the tables 324 and 
330. As depicted, for example, a column 326c for a ninth 
read cycle (i.e., a read cycle Subsequent to the eighth read 
cycle) includes the block 328 of light setting index values 
from the table 324 of FIG.34, followed by the ordered index 
values of column 326b from the table 330 of FIG. 34. As also 
discussed above, the order of the light setting index values 
depicted in FIG. 35 (and, accordingly, the prioritization of 
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light settings during the read cycle 9) is based on the sorted 
order of the corresponding EMA values (see FIG. 32), 
updated to reflect the prioritization of light settings that 
actually resulted in a Successful decoding for certain read 
cycles (see FIG. 34, block 328). Accordingly, during the read 
cycle 9, images having light settings corresponding to the 
index values 8, 13, and 14 can be selected first for decoding, 
followed by images having light settings in the remaining 
sorted order of the column 326c. 
Where no image has contributed to a Successful decoding 

attempt for a particular read cycle, the sorted order may not 
be updated based on light settings of images that have 
actually contributed to Successful decoding. For example, 
with reference to FIGS. 30, and 33-35, it can be seen that no 
image was successfully decoded during read cycle 6 (as 
reflected for read cycle 7 in FIG. 35). Accordingly, no block 
of light settings is provided in the table 324 of FIG. 34 or in 
the sorted order of light settings for read cycle 7 in the table 
334 (i.e., as reflected in column 336). 

Still referring to read cycles 6, it can be seen in FIG. 32 
that the EMA values between cycle 5 (i.e., as reflected in 
column 338) and cycle 6 (i.e., as reflected in column 340) 
have not changed. Because no Successful decoding resulted 
from the read cycle 6 (see FIG. 30), no point values have 
been assigned to images based on the read cycle 6, and EMA 
values from the read cycle 5 (column 338) have been simply 
carried forward to the read cycle 6 (column 340). With 
reference to FIG. 35, however, it can be seen that the sorted 
order of the column 336, determined with reference to the 
results of the read cycle 6, vary from the sorted order of the 
column 342. This is because the sorted order of the column 
342 has been updated to prioritize a block 344 of indices 
corresponding to images contributing to a successful decod 
ing attempt in read cycle 5 (see, e.g., FIGS. 30 and 34). 

Referring generally to FIGS. 32 through 35, it can be seen 
that no user-specified light setting (“User Entry’) has been 
provided for the depicted example, However, a placeholder 
has been maintained for the User Entry within the sorted 
table of FIG. 33 (see User Entry row 346) and the updated 
sorted table 334 of FIG. 35 (see User Entry row 348). If a 
user specifies a particular light setting (or aspect thereof), 
Such a User Entry may be prioritized in a Subsequent read 
cycle, even above light settings that contributed to previ 
ously successful decoding attempts. 
As noted above, it will be understood that the tables 

presented in FIGS. 29 through 35 may not necessarily be 
stored in their entirety by the system 30 or included in their 
entirety in a particular table or other repository of the system 
30 (e.g., the light settings table 202). For example, in some 
implementations, the system 30 may simply store a table 
similar to the table 202 (see FIG. 27), a sorted order of which 
may be updated after each Successful read cycle based on the 
analysis depicted in FIGS. 29 through 35. 

In some implementations, it may be useful to limit the 
number of images which may have their data Stitched 
together for a decoding operation. For example, for decod 
ing operations using a two-dimensional matrix symbol 
decoding tool, Stitching of data from an excessive number of 
images may degrade rather than improve decoding results. 
Accordingly, in some implementations, a maximum number 
of images may be specified for assignment of point values, 
for a particular read cycle. If an initial set of images does not 
result in a successful decode before the initial set reaches the 
maximum number of images, a new decode attempt (within 
the same read cycle) can commence with a different set of 
images. In some implementations, for example, a maximum 
number of eight images can be specified. Such that if a set 
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of eight images does not result in a successful decode with 
the relevant tool, a new set of eight images may be used for 
a new decoding attempt. 

Even if a particular set of images does not result in a 
Successful decode, however, certain images within the set 
may still be valuable to Subsequent decoding attempts. 
Accordingly, in some implementations, when an initial set of 
images fails to result in a successful decoding attempt and a 
new set of images is assembled for a new decoding attempt, 
a highest scoring (one or more) image from the initial set of 
images can be designated as part of (e.g., carried over as a 
'seed' image for) the new set of images. In Such a case, 
assignment of point values to images in the new (or other) 
set can be moderated based on the nature of the successful 
decoding of the designated image from the initial image set. 
For example, where a seed image from an initial set of 
images contributes to a successful decoding attempt with a 
new set of images, the seed image can be assigned an 
enhanced point value (e.g., 600 of 1000 points), with the 
remaining points (e.g., 400 of 1000 points) being assigned 
among the remaining images of the new set of images. 

Referring to FIG. 36, for example, a stitching analysis of 
an initial set 350 of images may not result in a successful 
decoding attempt, but an image 352 of the set 350 may score 
relatively highly compared to the other images 352 with 
respect to decoding attempts on the set 350 (e.g., with 
respect to the representation of a symbol (or symbol part) in 
the image 352). Because a maximum number of images 
(e.g., eight images) may have been included already in the 
set 350, additional images may no longer be added to the set 
350. Rather, a new set 354 of images may be obtained. 
Because the image 352 scored relatively highly, however, 
with respect to decoding attempts on the set 350, the image 
352 may be carried over into the new set 354 of images as 
a seed image for that set. 

In some implementations, other operations can be imple 
mented in order to use information from an image of the 
initial set 350 of images in conjunction with information 
from images acquired for the new set 354 of images. For 
example, after a highest (or otherwise relatively highly) 
scoring image of the initial set 350 has been identified, that 
image can itself be designated for the new set 354 or another 
image that was acquired with the same acquisition settings 
as the highest scoring image can be designated for the new 
set 354. The designated image (e.g., the image 352 or a 
similarly-acquired other image) can be actually saved as part 
of the new set 354, or information from the designated 
image can be used along with information from other images 
in the new set 354 without saving the image 352 as part of 
the new set 354. As an example of the latter case, where the 
image 352 has been designated for the new set 354, the 
image 352 can be processed for decoding without necessar 
ily being saved in its entirety as part of the new set 354. 
Results of the processing of the image 352 can then be used 
in combination with results of processing of other images in 
the new set 354 to attempt to decode a relevant symbol. 

In some implementations, particular strategies may be 
used for assigning points to images analyzed using an OCR 
tool. For example, if an image allows for Successful decod 
ing of one or more characters at particular positions, the 
image can be assigned a percentage of available points per 
character. For example, where a twelve-character string of 
text is to be decoded, an image that allows for Successful 
decoding of one or more characters of the string can be 
assigned approximately 8.3% of the available points per 
character. 
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As another example, if one image allows for Successful 

decoding of an entire String of characters, the one image may 
be assigned the total amount of available points. However, 
if one image allows for Successful decoding of string but one 
or more other images allow for Successful decoding of 
particular characters of the String, point values may be 
assigned among each of the contributing images. For 
example, an image providing for Successful decoding of the 
string as a whole can be assigned a fixed percentage (generi 
cally, Xpercent) of the points available and the other image 
(or images) can be assigned points calculated as 

Points=1/(C)(100-X), 100°C), (2) 

where C, indicates the total number of characters in the 
string and C, indicates the number of characters decoded 
based on the image to which the points are to be assigned. 

In some implementations, the number of available image 
acquisition (e.g., light) settings may change over the course 
of an operation or series of operations. For example, with 
respect to the system 30, a user may be able to enable or 
disable auxiliary light settings, such that the number of 
available light settings can change depending on user input. 
When a table of EMA values for various light (or other 
image acquisition) settings has been constructed (e.g., as 
discussed above), and additional light (or other image acqui 
sition) settings become available, it may be useful to ensure 
that the sum of the EMA values, including those for the 
additional light (or other image acquisition) settings, 
remains equal to the maximum number of points (e.g., 1000 
points, in the examples above). Accordingly, when addi 
tional light (or other image acquisition) settings become 
available, the additional light (or other image acquisition) 
settings can be initially assigned EMA values of Zero. 

Similarly, when a table of EMA values for various image 
acquisition (e.g., light) settings has been constructed (e.g., as 
discussed above), and Some of the image acquisition (e.g., 
light) settings are made unavailable for Subsequent decoding 
operations, the EMA values for the newly unavailable image 
acquisition (e.g., light) settings can be distributed among the 
remaining image acquisition (e.g., light) settings. In this 
way, for example, the sum of EMA values for available 
image acquisition (e.g., light) settings remains equal to the 
maximum number of points. Further, if the EMA values for 
the newly unavailable image acquisition (e.g., light) settings 
are distributed evenly among the remaining image acquisi 
tion (e.g., light) settings, a current sorted order of the 
remaining image acquisition (e.g., light) settings (e.g., as 
based on the EMA values) can be maintained. 

In some implementations, each decoding tool can provide 
a ResultContributors vector via a getter function in both the 
Success and failure case, including under the following 
instructions: 

struct ImageContribution 

unsigned ImageIndex; 
unsigned Weight; 

}: 
typedef std::vector-ImageContribution> ResultContributors; 
const ResultContributors& getResultContributors(); 

AS Such, the sets returned by the tool can include an image 
index (e.g., as may indicate a light (or other image acqui 
sition) setting, similar to the index 302 of FIG. 29) and the 
point value that the tool may have assigned to the image. 

In some implementations, the image index returned by the 
tool can indicate the order with which a particular image was 
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passed to the tool for analysis (or a corresponding location 
of the relevant image acquisition setting in an image acqui 
sition setting table). For example, if an image exhibiting 
light settings corresponding to the seventh entry of a light 
settings table is passed to a tool and this image contributes 
to the decode then the image index value can be returned 
with a value of 7. 

In some embodiments, for a failure case of analysis of a 
set of images by a tool, an image that is deemed the best for 
display by the tool can be assigned a maximum point value 
(e.g., a point value of 1000) and the remaining images in the 
set will receive a value of 0. In other embodiments, no points 
may be assigned to any image for an unsuccessful decoding 
attempt. 

Under the example instructions presented above, when a 
tool Successfully decodes a symbol in a particular read cycle, 
the ResultContributors vector may address only to the 
images that contributed to the Successful decoding. In a 
failure case, however, other images may be addressed. 

In some implementations, sorting similar to that described 
above with respect to acquisition settings can be used with 
regard to post-acquisition processing. For example, different 
post-acquisition processing (e.g., application of different 
image filter settings or region of interest adjustments) can be 
applied to different acquired images. A post-acquisition 
settings order can be determined based upon the contribution 
of the various post-processed images to a decoding attempt 
for the images, with post-acquisition processing settings for 
images having stronger contributions to a decoding attempt 
being assigned a higher impact (e.g., larger) point value than 
post-acquisition processing settings for images having 
weaker contributions to the decoding attempt. In some 
implementations, this assignment of points can proceed in 
similar ways to the assignment of points discussed above for 
acquisition order. 
Once determined, the post-acquisition settings order can 

then be used to guide Subsequent decoding attempts. For 
example, the post-acquisition settings order (e.g., as updated 
for Successive read cycles) may be used to determine an 
order of application of post-acquisition processing to images 
that will be subject to a new decoding attempt, or to 
prioritize decoding attempts for certain images that have 
already been processed with particular post-acquisition pro 
cessing settings. 

Referring again to FIGS. 34 and 35, for example, different 
types of post-processing may have been applied to the 
images with light settings 8, 13, and 14 during read cycle 8. 
which may at least partly contribute to the relative contri 
butions of those images to a decode attempt and the corre 
sponding elevated point assignments for those images. 
Based on the point assignments, and the particular types of 
post-processing used for particular images, a post-acquisi 
tion processing settings order can be determined for par 
ticular types of post-processing or particular images. During 
read cycle 9, particular post-acquisition processing can then 
be applied to acquired images, or particular post-processed 
images prioritized for decoding, based on the post-acquisi 
tion processing settings order. For example, post-acquisition 
processing settings for a new image can be determined based 
upon the prioritization of the settings in the post-acquisition 
processing settings order. 

In some implementations, a determined acquisition-set 
tings order can inform a processing order (e.g., an order in 
which images are processed to attempt to decode a symbol) 
as an alternative (or in addition to) informing an acquisition 
order. For example, still referring to FIG. 35, an acquisition 
settings order for the read cycle 10 may prioritize, in order, 
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the acquisition settings indicated by index values 5, 8, 7, and 
3. In some implementations, processing to attempt to decode 
images from the read cycle 10 can be implemented based 
upon this order (i.e., 5, 8, 7, then 3) even if the images for 
the read cycle 10 were acquired with a different order of 
acquisition settings (e.g., 8, 7, 5, then 3). In this regard, 
therefore, the acquisition-settings order represented in FIG. 
35 can alternatively (or additionally) be viewed as a pro 
cessing order for acquired images, which can specify the 
order in which images acquired with particular acquisition 
settings can be processed to attempt to decode symbols 
represented therein. 

Although the present technology has been described with 
reference to preferred embodiments, workers skilled in the 
art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
technology. For example, the present technology is not 
limited to the embodiments of 2D data matrix symbols, and 
may be practiced with other machine readable symbol 
technology. 
The specific methods described herein can be generalized 

to handheld applications, and the correspondence methods 
described herein can be generalized to pattern alignment 
applications. 
The technology disclosed here can be applied to Stitching 

data for other ID application such as OCR reading from 
multiple images. A known method of OCR reading from 
multiple images is to select read characters with the highest 
score from individual images. The known method requires 
individual characters to be readable from at least one image. 
With this technology, the character reading can occur after 
the individual strokes of a character are combined from 
multiple images. 
The particular embodiments disclosed above are illustra 

tive only, as the technology may be modified and practiced 
in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. Fur 
thermore, no limitations are intended to the details of 
construction or design herein shown, other than as described 
in the claims below. It is therefore evident that the particular 
embodiments disclosed above may be altered or modified 
and all such variations are considered within the scope and 
spirit of the technology. Accordingly, the protection sought 
herein is as set forth in the claims below. 

What is claimed is: 
1. A system for decoding a symbol using images of the 

symbol, the system comprising: 
an imaging device configured to acquire multiple images, 

each of the acquired images including a respective 
symbol data region; 

a processor operatively coupled to the imaging device, the 
processor configured to: 
receive a first plurality of images for a first read cycle 

of the system, the first plurality of images being 
acquired by the imaging device in a first acquisition 
order using respective acquisition settings, the first 
plurality of images including first and second images 
that are acquired, respectively, using first and second 
acquisition settings determined according to an ini 
tial acquisition-settings order; 

execute a data Stitching algorithm including: 
generating a synthetic model of the symbol, the 

synthetic model being a model of a plurality of 
known features of the symbol; 

comparing the synthetic model of the symbol with at 
least the first and second images; 
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converting a first symbol data region of the first 
image into a first binary matrix and converting a 
second symbol data region of the second image 
into a second binary matrix; and 

at least partly combining the first binary matrix with 5 
the second binary matrix to generate a combined 
binary matrix, the combined binary matrix being a 
decodable representation of the symbol; 

attempt to decode the symbol based at least partly upon 
the combined binary matrix; and 

receive a second plurality of images for a second read 
cycle of the system, the second plurality of images 
being acquired by the imaging device in a second 
acquisition order using updated acquisition settings 
that are determined according to an updated acqui 
sition-settings order, the updated acquisition-settings 
order being determined based at least partly upon 
first and second contributions of the first and second 
images, respectively, to the attempt to decode the 
symbol. 

2. The system of claim 1, wherein, when the first image 
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contributes to a successful decoding of the symbol to a 
greater extent than the second image contributes to the 
Successful decoding of the symbol, the first acquisition 
settings are determined to be ahead of the second acquisition 
settings in the updated acquisition-settings order. 

25 

3. The system of claim 1, wherein when a user specifies 
acquisition settings for the second read cycle that differ from 
the first and second acquisition settings, the user-specified 
acquisition settings are determined to be ahead of the first 
and second acquisition settings in the updated acquisition 
settings order. 

30 

4. The system of claim 1, wherein, to determine the 35 
updated acquisition-settings order based at least partly upon 
the first and second contributions, the processor is further 
configured to: 

assign for the first and second acquisition settings, respec 
tively, point values associated with the first and second 
contributions; 

calculate a respective average, for each of the first and 
second acquisition settings, based at least partly upon 
respective previously determined scores for the first 
and second initial acquisition settings and based at least 
partly upon the respective point values assigned for the 
first and second acquisition settings; and 

determine the updated acquisition-settings order based at 
least partly upon the calculated averages. 

5. The system of claim 4, wherein minimal impact points 
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are assigned for at least one of the first and second acqui 
sition settings based at least partly upon the corresponding 
at least one of the first and second images not contributing 
to a Successful decoding of the symbol. 55 

6. The system of claim 4, wherein the averages are 
calculated only if the attempt to decode the symbol results 
in a successful decoding of the symbol for the first read 
cycle. 

7. The system of claim 4, wherein the calculation of the 60 
averages is based at least partly upon the processor access 
ing a stored acquisition settings table including a number of 
table entries, each table entry including an acquisition set 
tings field and a sorting value field, the Sorting value field for 
a particular table entry indicating, respectively, the previ 
ously determined score for the acquisition settings indicated 
by the acquisition settings field for the particular table entry. 

65 
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8. The system of claim 7, wherein the processor is further 

configured to update the entries of the sorting value field, 
respectively, based at least partly upon the calculated aver 
ages; and 

wherein the updated acquisition-settings order is deter 
mined based at least partly upon the updated entries of 
the sorting value field. 

9. The system of claim 1, wherein to determine the 
updated acquisition-settings order, the processor is further 
configured to: 

set a maximum number of images for a given decoding 
attempt; 

identify a first subset of the first plurality of images that 
contains the maximum number of images; 

process the first Subset of images to attempt to decode the 
symbol; 

if the processing of the first Subset results in a successful 
decoding of the symbol, assign point values for the 
acquisition settings used to acquire the images of the 
first subset; and 

if processing of the first Subset does not result in a 
Successful decode: 
identify a highest scoring image of the first Subset, the 

highest scoring image having been acquired with 
particular acquisition settings; 

designate, as part of a second Subset of the first plurality 
of images that contains the maximum number of 
images, at least one of the highest scoring image of 
the first Subset and another image acquired with the 
particular acquisition settings; 

process the second subset of images to attempt to 
decode the symbol; and 

if the processing of the second Subset results in a 
Successful decode, assign point values for the acqui 
sition settings used to acquire the images of the 
second Subset. 

10. A method for decoding a symbol using images of the 
symbol, the method comprising: 

generating a synthetic model of the symbol, the synthetic 
model being a model of a plurality of known features 
of the symbol; 

acquiring, using an imaging device, a first image and a 
second image for a first read cycle, the first image being 
acquired using first acquisition settings and including a 
first symbol data region, and the second image being 
acquired using second acquisition settings and includ 
ing a second symbol data region; 

comparing the synthetic model of the symbol with the first 
image and extracting a first binary matrix; 

comparing the synthetic model of the symbol with the 
second image and extracting a second binary matrix: 

at least partly combining the first binary matrix with the 
second binary matrix; and 

generating a combined binary matrix, the combined 
binary matrix being a decodable representation of the 
symbol; 

attempting to decode the symbol based at least partly 
upon the combined binary matrix: 

identifying first and second contributions, respectively, of 
the first and second images to the attempt to decode the 
symbol; 

determining an updated acquisition-settings order for at 
least the first and second acquisition settings, based at 
least partly upon the first and second contributions; and 

causing the imaging device to acquire a third image for a 
second read cycle, the third image being acquired using 
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third acquisition settings that are determined based at 
least partly upon the updated acquisition-settings order. 

11. The method of claim 10, wherein, when the first image 
contributes to a successful decoding of the symbol to a 
greater extent than the second image contributes to the 
Successful decoding of the symbol, the first acquisition 
settings are determined to be ahead of the second acquisition 
settings in the updated acquisition-settings order. 

12. The method of claim 10, wherein when a user speci 
fies acquisition settings for the second read cycle, the 
user-specified acquisition settings are determined to be 
ahead of the first and second acquisition settings in the 
updated acquisition-settings order. 

13. The method of claim 10, wherein determining the 
updated acquisition-settings order based at least partly upon 
the first and second contributions includes: 

assigning to the first and second acquisition settings, from 
a predefined number of total points, point values asso 
ciated with the first and second contributions, respec 
tively; 

calculating a respective moving average, for each of the 
first and second acquisition settings, based at least 
partly upon respective previously determined scores for 
the first and second initial acquisition settings and 
based at least partly upon the respective point values 
assigned for the first and second acquisition settings; 
and 

determining the updated acquisition-settings order based 
at least partly upon the calculated moving averages. 

14. The method of claim 13, wherein minimal impact 
points are assigned for at least one of the first and second 
acquisition settings based at least partly upon the corre 
sponding at least one of the first and second images not 
contributing to a successful decoding of the symbol. 

15. The method of claim 13, wherein the moving averages 
are calculated only if the attempt to decode the symbol 
results in a successful decoding of the symbol for the first 
read cycle. 

16. The method of claim 10, wherein at least one of the 
first, second, and third acquisition settings specifies at least 
one of a light mode, image exposure, image gain, and image 
offset. 

17. The method of claim 10, wherein the attempt to 
decode the symbol is further based at least partly upon 
applying post-acquisition processing to the first and second 
images according to first and second post-acquisition pro 
cessing settings, respectively, the first and second post 
acquisition processing settings including one or more of an 
image filter setting and a region of interest adjustment; 

wherein the method further includes determining an 
updated post-acquisition settings order based at least 
partly upon the first and second contributions; and 

wherein the third image is processed, after being acquired, 
using third post-acquisition processing settings deter 
mined based at least partly upon the updated post 
acquisition settings order. 

18. A method for decoding a symbol using images of the 
symbol, wherein first images have been acquired in a first 
acquisition order with an imaging device using an initial 
sequence of respective acquisition settings that is deter 
mined based at least partly upon an initial acquisition 
settings order, the method comprising: 

processing the first images to attempt to decode the 
symbol by, at least in part, Stitching image data from 
two or more of the first images; 

identifying, for at least one of the two or more of the first 
images that was acquired using at least one of the initial 
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acquisition settings, a corresponding at least one con 
tribution to the attempt to decode the symbol; 

determining an updated acquisition-settings order for the 
collective initial acquisition settings based at least 
partly upon the at least one contribution; and 

at least one of acquiring second images, with the imaging 
device, using an updated sequence of second acquisi 
tion settings that is determined based at least partly 
upon the updated acquisition-settings order and pro 
cessing the second images in a decoding attempt using 
a processing order that is determined based at least 
partly upon the updated acquisition-settings order. 

19. The method of claim 18, wherein the attempt to 
decode the symbol includes applying post-acquisition pro 
cessing to the two or more of the first images based at least 
partly upon an initial post-acquisition settings order; 

wherein the method further includes determining an 
updated post-acquisition settings order based at least 
partly upon the at least one contribution; and 

wherein the second images are processed, after being 
acquired, based at least partly upon the updated post 
acquisition settings order. 

20. The method of claim 19, wherein the post-acquisition 
processing includes at least one of applying one or more 
image filters to at least one of the two or more of the first 
images and adjusting one or more regions of interest for at 
least one of the two or more of the first images; and 

wherein the initial and updated post-acquisition settings 
orders indicate, respectively, initial and updated orders 
for the at least one of applying one or more image filters 
and adjusting one or more regions of interest. 

21. A system for decoding a symbol using images of the 
symbol, the system comprising: 

an imaging device configured to acquire multiple images, 
each of the acquired images including a respective 
symbol data region; 

a processor operatively coupled to the imaging device, the 
processor configured to: 
receive a first plurality of images for a first read cycle 

of the system, the first plurality of images being 
acquired by the imaging device in a first acquisition 
order using respective acquisition settings, the first 
plurality of images including first and second images 
that are acquired, respectively, using first and second 
acquisition settings determined according to an ini 
tial acquisition-settings order; 

execute a data Stitching algorithm including: 
generating a synthetic model of the symbol, the 

synthetic model being a model of a plurality of 
known features of the symbol; 

comparing the synthetic model of the symbol with at 
least the first and second images; 

converting a first symbol data region of the first 
image into a first binary matrix and converting a 
second symbol data region of the second image 
into a second binary matrix; and 

at least partly combining the first binary matrix with 
the second binary matrix to generate a combined 
binary matrix, the combined binary matrix being a 
decodable representation of the symbol; 

attempt to decode the symbol based at least partly upon 
the combined binary matrix; and 

receive a second plurality of images for a second read 
cycle of the system, the second plurality of images 
being processed for decoding in a processing order, 
the processing order being determined based at least 
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partly upon first and second contributions of the first 
and second images, respectively, to the attempt to 
decode the symbol. 

22. The system of claim 21, wherein, when the first image 
contributes to a successful decoding of the symbol to a 
greater extent than the second image contributes to the 
Successful decoding of the symbol, images acquired with the 
first acquisition settings are determined to be ahead of 
images acquired with the second acquisition settings in the 
processing order. 

23. The system of claim 21, wherein when a user specifies 
acquisition settings for the second read cycle, images 
acquired with the user-specified acquisition settings are 
prioritized in the processing order. 

24. The system of claim 21, wherein, to determine the 
processing order based at least partly upon the first and 
second contributions, the processor is further configured to: 

assign for the first and second acquisition settings, respec 
tively, point values associated with the first and second 
contributions; 

calculate a respective average, for each of the first and 
Second acquisition settings, based at least partly upon 
respective previously determined scores for the first 
and second initial acquisition settings and based at least 
partly upon the respective point values assigned for the 
first and second acquisition settings; and 

determine the processing order based at least partly upon 
the calculated averages. 

25. The system of claim 24, wherein minimal impact 
points are assigned for at least one of the first and second 
acquisition settings based at least partly upon the corre 
sponding at least one of the first and second images not 
contributing to a successful decoding of the symbol. 

26. The system of claim 24, wherein the averages are 
calculated only if the attempt to decode the symbol results 
in a successful decoding of the symbol for the first read 
cycle. 

27. The system of claim 24, wherein the calculation of the 
averages is based at least partly upon the processor access 
ing a stored acquisition settings table including a number of 
table entries, each table entry including an acquisition set 
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tings field and a sorting value field, the sorting value field for 
a particular table entry indicating, respectively, the previ 
ously determined score for the acquisition settings indicated 
by the acquisition settings field for the particular table entry. 

28. The system of claim 27, wherein the processor is 
further configured to update the entries of the sorting value 
field, respectively, based at least partly upon the calculated 
averages; and 

wherein the processing order is determined based at least 
partly upon the updated entries of the sorting value 
field. 

29. The system of claim 21, wherein to determine the 
processing order, the processor is further configured to: 

set a maximum number of images for a given decoding 
attempt; 

identify a first subset of the first plurality of images that 
contains the maximum number of images: 

process the first subset of images to attempt to decode the 
symbol; 

if the processing of the first subset results in a successful 
decoding of the symbol, assign point values for the 
acquisition settings used to acquire the images of the 
first subset; and 

if processing of the first subset does not result in a 
successful decode: 
identify a highest scoring image of the first subset, the 

highest scoring image having been acquired with 
particular acquisition settings: 

designate, as part of a second subset of the first plurality 
of images that contains the maximum number of 
images, at least one of the highest scoring image of 
the first Subset and another image acquired with the 
particular acquisition settings; 

process the second subset of images to attempt to 
decode the symbol; and 

if the processing of the second subset results in a suc 
cessful decode, assign point values for the acquisition 
settings used to acquire the images of the second 
subset. 


